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Comprehensive Evaluation of Regional Agricultural Water Quality Based on
Improved Random Forest Model Using Wild Horse Optimization Algorithm
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Abstract; Water quality is a core element related to human health and food security. To address the
issue of agricultural water pollution caused by agricultural practices, it is urgent to establish a systematic
evaluation of agricultural water quality and reveal its spatiotemporal differentiation characteristics and
driving mechanisms. Using the wild horse optimizer — random forest (WHO — RF) model to evaluate the
surface water and groundwater quality of 15 farms under the jurisdiction of Jiansanjiang Branch of
Heilongjiang Beidahuang Agricultural Reclamation Group Co. ,Ltd. , their spatiotemporal evolution laws

were analyzed ,and the causes of water quality changes were explored. The results indicated that the water
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quality of Jiansanjiang Branch met the requirements for agricultural water use. From 2018 to 2020, the
surface water quality firstly decreased and then increased, while the groundwater quality firstly increased
and then decreased. In 2020 ,the difference in water quality between the two was the largest. From 2021
to 2022, the surface water and groundwater quality both increased, and the agricultural water quality
showed a significant improvement trend. Compared with the central farms, the surface water and
groundwater quality of farms near the riverbank underwent significant changes while the spatial
heterogeneity of regional water quality was weakened. The OOB index was used to determine the content
of TP and NH,-N in surface water, as well as the content of CI™,COD,, ,and NH,-N in groundwater,
which were five key indicators affecting regional agricultural water quality. The average nitrogen fertilizer
application rate had the most significant impact on regional agricultural water quality. To test the
comprehensive performance of the WHO — RF model, traditional random forest ( RF) model and dragonfly
algorithm — random forest (DA — RF) model were selected for comparative analysis. By comparing four
evaluation indicators based on mean absolute percentage error, coefficient of determination, root mean
square error,and mean square error,the superiority and reliability of the model in regional water quality
evaluation were verified. The results can provide an approach for water quality evaluation, and also
provide guidance for regional water quality risk response.

Key words: water quality assessment; random forest model; wild horse optimization algorithm; cause
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Fig. 1 Regional overview of Jiansanjiang Branch
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Fig.2  Process flowchart of WHO-based comprehensive evaluation model for agricultural water quality
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V-3.IV-4 3t 12 267 [F B, 6 (R K R AR
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Tab.1 Classification standards for surface water quality

(3) mg/L
n i CODy, NH;-N TP TN F-

X on PR X G230 I <2.00 <0.150 <0.020 <0.200 <1.000

X, AN [RIAR 7Y SR i &5 2R 5 40 XA BRHE 59 n-1 <2.50 <0.240 <0.040 <0.275 <I.000

Spearman %5 2% #H 5¢ R %X -2 <3.00 <0.330 <0.060 <0.360 <1.000

L——4 FR 28 -3 <3.50  <0.440 <0.080 <0.460 <1.000

SRR E R -4 <4.00 <0.500 <0.100 <0.500 <1.000

m-1 <4.50 <0.625 <0.125 <0.625 <1.000

2 #ER545H -2 <5.00 <0.750 <0.150 <0.750 <1.000

-3 <5.50 <0.875 <0.175 <0.875 <1.000

2.1 AR RS R B m-4 <6.00 <1.000 <0.200 <1.000 <1.000

DL b 3R /K 5% T A fE ) (GB 3838—2002) Fil V-1 <7.00  <1.125 <0.225 <1.125 <I.125

(CHE R 7K T i AR ) (GB/T 14848—2017) E Jy 34 V-2 <8.00 <1.250 <0.250 <1.250 <1.250

Wi, HPE (b FTOK B R AR ) (GB 3838— V-3 <9.00 <1.375 <0.275 <1.375 <I1.375

2002) , 7] LUK RFRAEAY 9 5 36, R , 78 S2 BRI T V-4 <10.00 <1.500 <0.300 <1.500 <1.500

EPEB?W%EK@?%&E,&HH \]]I\N%ﬂ(ﬁﬁifét(ﬁ \% <15.00 <2.000 <0. 400 <2.000 <1.500

2 WMTKRESERERERE
Tab.2 Classification standards for groundwater quality mg/L
i coD,, NH,-N F- NO,;-N cl- S0; - Fe Mn

I <1.00 <0.02 <1.00 <2.00 <50 <50 <0.100 <0.05
I-1 <1.25 <0.04 <1.00 <2.75 <75 <75 <0.125 <0.05
n-2 <1.50 <0.06 <1.00 <3.50 <100 <100 <0.150 <0.05
-3 <1.75 <0.08 <1.00 <4.25 <125 <125 <0.175 <0.05
n-4 <2.00 <0.10 <1.00 <5.00 <150 <150 <0.200 <0.05
-1 <2.25 <0.20 <1.00 <8.75 <175 <175 <0.225 <0.10
-2 <2.50 <0.30 <1.00 <12.50 <200 <200 <0.250 <0.10
-3 <2.75 <0. 40 <1.00 <16.25 <225 <225 <0.275 <0.10
-4 <3.00 <0.50 <1.00 <20.00 <250 <250 <0.300 <0.10
V-1 <4.75 <0.75 <1.25 <22.50 <275 <275 <0.725 <0.45
V-2 <6.50 <1.00 <1.50 <25.00 <300 <300 <1.150 <0. 80
V-3 <8.25 <1.25 <1.75 <27.50 <325 <325 <1.575 <l1.15
V-4 <10.00 <1.50 <2.00 <30.00 <350 <350 <2.000 <1.50
% <15.00 <2.00 <2.50 <35.00 <500 <500 <10.00 <15.00
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Fig.4 Spatial distribution of surface water quality in Jiansanjiang Branch(2018—2022)
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7532021 AF g =050 FL LR K B oy R P

I IV, IV A 3 8 b 7E 43 28wl v P9 b B 2R
A6y, Hov, ARG AL D 1) 14 B A5 R A 3 R AR AL
Ti] ) R ST R K B A 2 R B IV -2 28 AV R
] AT B 2T TR K 2% AR 3 K B 4y 25 T
K TR A T B 52022 AF =T 008 Wl R K R
AR AE 26, B4 20 w1 PE b L 74 R O ek
VLA AL TR S5 K B3 N8 , HAR R 3 7K i 4y
FeHy LIt KORG24, 2018—2022 4F ]
HEZVT A8 wL LR K AR R A A Al K
T oK, WF 58 R I v B AL AR S AH L, 5 0RO 1 AR
YR K T AR AL T R
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FIH] WHO — RF 5 A1 353 1l 2 7K S il R 7K Jo 4
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COD,,, (GW —COD,,,) \NH,-N(GW — NH,-N) & £ 1y
OOB $5 B Tt /2 T A 6 A, 86 2 L 1 5 A48 4%
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Fig. 6 Weight of OOB index for different indicators
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Tab.4 Correlation between various influencing factors and water quality simulation index and water quality indicators

S Hiy K B Hb T K i SW - TP SW — NH;-N GW-—Cl- GW — COD,, GW — NH,-N
RIS 2 [EEEEA T iy J5 i 43 B JB i 43 B JB 43 5 JB i 43 B
A IEE & 0. 582005 0.363 747 * 0.480 038 * 0.394 571 0.116 266 0.307 491 0.364 162
WH AL 0.694 673 0. 534 399 ** 0. 304 002 0.752 066 ** 0.308 692 * 0.516 051" 0.493 841"
B IE A & 0.523 633 0.311925 0.527 209 ** 0.264 796 0.302 954 0.290 719 0. 289 227
WA 25 0.564 6457 0. 307 786 0.260 217 0.302518 0.643 176 ** 0. 306 085 0.190 133

T« FRm WFEM(0.01 <P <0.05) 5+ FLnf b FH MK (P <0.01),

55 SW — TP Jii & 43 B0 3580 56 (p <0.05) , B WAL L
Jit JFHY 2 XoF 2 K v S B R A R R 5 B AU
il & 5 SW — NH,-N Jit & 43 30 3 4 ¢ (p <
0.01),5 GW — Cl™ Jii & 4> %L .GW — COD,, Jifi & 5>
% .GW — COD,, i & 4340 .GW — NH,-N Ji7 & 53 % i
FEAHF(p <0.05) , i B 0N it FH 2t Xof b 2 2 ot
KRR A R LY &, N KT A AR
A I W) 5 bR A e i SW— TP Jiit it 43 5K
BEERIC(p <0.01) , 6 Bl AL jt FH X b 2% 7K o
SO A BRI U R 2 H S GW - C1T
JoTHE 7 B A OC (p < 0.01) , U B 4R 24 ] A %)
MR K AR A R
3 itie
3.1 WHO - RF # & #aEfig

FIH WHO — RF _RFm . RFn DA — RF #& %1 /3 3
TE M # = VL4 A A AR M % K B b R K T EE
(2018—2022 4F) , Mot RFm #5876 Sy 43 %4 J 1 A~ 4L
B 500 , P 5 B 00 B 1 i) BE ML AR MRS AL, RFn A5 761
R4 SR A A B 500 | Pk SR R HCER B 10 1 Bl AL 2R
BRASERS WHO IS 8 55 30 X i B M B 2 577

W M 2 K B bR K B S BT B RS 43 518 4T 50
IS0 REE RTS8 S T8 LAY 0T BE 25 150 2
RE 43 ) 22 ) Hh 2 7K Bz b K B T # A5 A8 B X

k5 WHOMDAEEXESH
Tab.5 Key parameter settings for WHO and DA

algorithms
ZH WHO DA
i 150 30
2 PN TN/ E 1000 200
i i 2 2
1R [1,500;1,100 ] [0,1000;0,100]
i, WK 7,

i 7a AT, 5 RFm RFn DA — RF 84 1L,
WHO — RF # % R* 4 51 42 7} 0.038% . 0.001% .,
0.018% , V-4 46 XF & 43 b 1% 22 43 7 B AL 88.37% .
79.28% 31.64% , ¥ 5 ML % 22 4> B FEAE 39.11% |
47.43% (11.18% , ¥ J5 % 2% 43 5| B& A% 62.90% .
72.35% 21.10% ,T 53 548 & - 0.57% . - 6.85% .
18.99% .

& 7b "] %1, 5 RFm .RFn DA — RF AU L,
WHO — RF 4% R® 43 31 #2 7+ 0.069% . 0.01% .
0.02% , ¥4 4 X A 43 bR 22 43 51 B AR 90. 68%
82.82% 25.29% , ¥ )5 K% 2% 43 B B A% 30.01% .
32.30% ,22.41% , ¥ J7 i% 22 4% W B K 51.01%
54.71% 39.81% , T 4> M4 & - 11.67% . - 15.23%
8.99% , & I friR, WHO — RF #1 R 7E o v L A7
R
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¢ Tab.7 Evaluation of groundwater quality results and

relatively reasonable ranking of various models

" i3] DA- WHO- 7% HMx&
s SanrE A N T
AT 9 9 9 9 36 9
; Bk 3 3 2 2 10 3
[/ B RFm o 11 12 11 12 46 11
' % o ZiEW 14 14 14 15 57 15
[ WHO-RF LT} 5 4 4 4 17 4
0.00048 an 6 6 5 6 23 6
IR A3 iR 2 YR .
() HZE KA TR TP A eI 10 10 10 10 40 10
tE 2 1 1 1 5 1
IRz 14 14 14 14 56 14
i 1 2 3 3 9 2
T 12 11 12 11 46 12
15 F) 4 5 5 5 19 5
Hl 8 8 8 8 32 8
i 7 7 7 7 28 7
5 & 3] 13 13 13 13 52 13

BTk ERE A 20 W, s (2) M
A (3) 7o 4 RIBERLEY LA S, 45 R WL 8,

TSt 4 LR By ‘
O AT, £8 SHNAEMRMLSRERRMS
B 7 RETEEE X L Tab.8 Rationality coefficient and stability coefficient
Fig.7 Performance comparison of models of each model
b2k R K
.2 WHO - RF 8 & B4 K iaE Mitit

3.2 WHO REGEERREMETR b o Wi~ o
AT LA 4 MR T O B RS, A M REm R R RE
N F 5 SR E IR, X 2018—2022 4F g =LAk L 0.844 0.861 0.895 0.954 0.835 0.875 0.905 0.942
15 DA 00K B 38 R 38 3t 47 BE ML R AR, Fh B A S 0.792 0.835 0.849 0.896 0.784 0.832 0.851 0.886

1 AT B B3R 0 0] R AT M 30K b R KR BOPEARY, O
o W05 235 2R 42 RO /N B RO R 51, 1 53 AR R 5
HHEY S5 R LR 6.7,

H R 8 Al N, 7 Hb 3 7K S Hb T oK BT & WA
WHO — RF #5i5 L F1 S ¥ 8¢ K, L 43 %1 0.954 F

0.942 .S 435124 0. 896 F110. 886, 5 RFm RFn DA — RF
i& 6 %*ﬁﬁiﬁ{ﬁi‘miﬂ(ﬁ%%%51:53(7}%}2*#’;? *ﬁ)jﬁ *H Lt WHO _ RF *ﬁ)jﬁ L ﬁ%u&%% 6 59% _

Tab.6 Evaluation results and relatively reasonable

13.03% F14.09% ~12.81% ,S 4> W3 55 5.54% ~
13.13% F1 4. 11% ~ 13.01% , 3% 35 4% ¥ W] WHO —

ranking of surface water quality by various models
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e e e e MR TR 7 , b K 3 A B 4 A B 26 )
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Fri FRE . Ak, BT R 1S T BE T & Hb R UK
KM TIHREMAESKIZTNY S EE. iHH
155 2020 4 X IR 5 vl BOK & [ T3 K 22% , BRIE
T TAGHILOU"™ fF 5¢ v it JiE JF R S 3 5 K 2 H
BE 1 N BRI HLEE

MR RE F& 98 S b g T,
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